
Greening 
Our Future

A proposal and funding request to Community Board #3 
Environment Committee /Con Ed Sub-Committee 

From: The Lower Eastside Girls Club 

Contact: Lyn Pentecost, Ph.D. 

212-982-1633 x 104 

gogirl@girlsclub.org 

www.girlsclub.org



June 8, 2011

To:  Members of the Community Board #3 Con Ed Settlement Fund Committee

From:  Lyn Pentecost, Executive Director, The Lower Eastside Girls Club

Re:  Request for Settlement Funds to install planted roofs and a green wall system in the new 
 Lower Eastside Girls Club currently under construction on Avenue D between 7th and 8th Street.

Based on feedback from the committee on May 1, 2011, The Girls Club is resubmitting our proposal in modified form, 
requesting support for the piece of the proposal that will be ready for installation in Spring 2012.  

Attached to this request are fully approved architectural plans and analysis including:
Overall Building Vision and floor plan descriptions
Architects Work Plan
1st Third and 4th floor plans
Roof Details
Budgets for Installation and Maintenance
Installation timeline
Site Utility Plan and Roof Drainage Details
Vine wall Blocking Details
Roofing and Waterproofing Products to be used.

Basic Infrastructure. Architectural design and building/roof construction costs are covered by our capital project funds. The 
actual ‘green’ components, which we are requesting funds for, are an add-on to our basic budget.
 
The cost of installation: labor and materials is: $213,000
Planted Green Wall: $42,000
Three year Annual Maintenance is estimated at: $28,555
Environmental Educator/ Green Organizer for 3 years is estimated at: $180,000
Ancillary Care/Health Study to be produced by Ryan Nena Health Center: $30,000

Total Green Roof and support activities: $493,555
Request to CB#3 Con Ed Committee is: $255,000

Lyn Pentecost, Ph.D.
Executive Director, 
The Lower Eastside Girls Club 
www.girlsclub.org
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Starting with an empty lot 
on Avenue D, we will build...





What's in the building?

• 30,000 sq ft community 
center

• 60,000 sq ft residential 
tower 

• Mixed income housing - 
50% market rate, 50% 
middle and low income



Facing the housing projects 
and East River Park 
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Lower East Side Girls ClubDave Pentecost

Town & Gardens Ltd.
328 East 25th Street (Grnd Fl)

New York, NY 10010

Analysis

We propose to furnish the following scope of work to complete the above mentioned project:

April 23, 2011

101 Ave D

Project:

New York, NY 10009

Submitted To:

Scope

Proposal # 00007869

Design Development

Description

May through August 2011

Design, layout and material reviews
Budgeting, samples, site reviews
Coordination, project management, meetings, LEEDS support

$5,800.00Estimated budget:

EFVM Testing

Description

!"#$%&'()*+,-%./)'010223%4'/5%6')'7)*2+%%)'()*+,%(8()'9%)2%:'%*+()/44'6%/)%0223%1'0*9')'0%)2%6')'7)%/+8%:0'/7;'(%*+%0223%

9'9:0/+'%2+%:2);%4'<'4(=

>2<'9:'0%?@AA

EFVM Testing budget

$7,500.00Estimated budget:
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4" Extensive Built System 4th floor

Description

February through April 2012

Greenroof-Root Barrier 1 sf
Drain Away DA 50 Roll 208 sf
Truck and parking
Install root barrier, drainage and  edging
Install soils
Debris and carting
Freight - extensive mixes
GeoEdge 3.5" x 4.5" Mill Finish
Greenroof-Growth Medium 1 cy bulk bags
Freight - pavers partial
Greenroof-Sedum Plugs
Plant sedum and perennial plugs and water in
Crane, set up and permits
Cleanup and apply tackifier
Freight plants
Freight root barrier
Freight drainage
Greenroof-Tackifier 1 sf
Hanover Paver, Custom Matrix 23.5" x 23.5" x 2"
Hanover Pedestal, 5/8" thick
Greenroof-Drain Inspection Boxes
Hanover Levelling Plates 1/16" & 1/8"
Greenroof-Perennial Plugs

$62,500.00Estimated budget:

Environmental Center beds

Description

Layout and construct garden beds

January-February 2012

Synthetic lumber for planter walls and framing
Frame, level and  construct beds
Deliver  and layout materials
Truck and parking
Drain Away DA 50 Roll 208 sf ea
Greenroof-Root Barrier Rufco 2000B
Greenroof-Polymesh 1 sf
Filter fabric
Freight materials
Cleanup and remove debris
Miscellaneous Materials

$19,100.00Estimated budget:
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Environmental beds preparation

Description

Prepare all beds with drainage and soils for plantings.

March 2012

Plant Tone 40lb bag
Lime, pulverized by the 50 lb bag
Equipment
Move and install soils
Soil Bulk 1 cy yds
Crane, set up and permits, partial
Freight soils
Cleanup and wash down terrace

$7,300.00Estimated budget:

Environmental beds plantings

Description

April 2012

(1) Betula nigra 'Heritage' 15 Gal
(20) Azaleas, Evergreen 5 Gal
(12) Spiraea Ogon 3 Gal
(24) Sedum spectabile 'Autumn Joy' 1 Gal
(24) Hosta - 1 Gal
(8) Hydrangea macrophylla 'Endless Summer' - 3 Gal
(2) Juniperus - torulosa  3-4'
(24) Fern (generic) 1 Gal
(18) Euonymus Fortunei 'Emerald Gaiety' 3 Gal
(18) Hakonechloa Macra 1 Gal
(18) Heuchera micrantha 'Plum Pudding' 1 Gal
Freight plants
Deliver and layout plantings
Install all plantings, mulch and water in
Hamptons Estate Mulch 2cf bag
Cleanup and wash down pavers
Truck and parking

$12,150.00Estimated budget:

7th Street beds

Description

Layout and construct garden beds.

January -February 2012

Synthetic lumber for planter walls and framing
Frame, level and  construct beds
Deliver  and layout materials
Truck and parking
Drain Away DA 50 Roll 208 sf ea
Greenroof-Root Barrier Rufco 2000B
Greenroof-Polymesh 1 sf
Filter fabric
Freight materials
Cleanup and remove debris
Miscellaneous Materials

$21,900.00Estimated budget:
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7th Street beds preparation

Description

Prepare all beds with drainage and soils for plantings.

March 2012

Plant Tone 40lb bags
Lime, pulverized by the 50 lb bag
Equipment
Move and install soils
Soil Bulk 1 cy yds
Crane, set up and permits, partial .25
Freight soils
Cleanup and remove debris

$8,450.00Estimated budget:

7th Street plantings

Description

April 2012

(18) Azaleas, Evergreen 5 Gal
(12) Spiraea Ogon 3 Gal
(18) Sedum spectabile 'Autumn Joy' 1 Gal
(24) Hosta (generic) - 1 Gal
(8) Hydrangea macrophylla 'Endless Summer' - 3 Gal
(18) Hakonechloa Macra 1 Gal
(18) Heuchera micrantha 'Plum Pudding' 1 Gal
Freight plants
Deliver and layout plantings
Install all plantings, mulch and water in
Hamptons Estate Mulch 2cf bag
Cleanup and wash down pavers
Truck and parking
(3) Buddleia davidii 5 Gal
(3) Buddleia "Lochinch" 3 Gal.
(3) Caryopteris Clan. 'Dark Knight' 3 Gal
(3) Caryopteris Clan. 'Sunshine Blue' 3 Gal
(6) Potentilla 2 gal
(8) Salvia nemerosa 'Blue Hill' 1 Gal
(12) Nepeta faassenii 'Blue Wonder' 1 Gal
(3) Potentilla 2 gal
(1) Prunus cerasifera (Purple Plum) 3 Gal
(1 )Prunus serr. Kwanzan 1 1/2 --2 "
(1) Acer palmatum 'Bloodgood' 5-6'
(3) Rosa 'The Fairy' 2 Gal
(3) Santolina Rosmarinifolia 1 Gal
(12) Thyme - English 4.5"
(36) Herbs - Assorted

$14,500.00Estimated budget:
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Irrigation System

Description

Install a fully automated drip irrigation system with master valve assembly, controller and backflow prevention device.  
Irrigation system to supply and feed all plantings and  zone for green roof plantings beds.  Irrigation lines to run along 
terrace perimeter and under pavers where appropriate.

April 2012

Poly Pipe 1/2
Outlet Cover
Netafim drip line
Netafim bed basics Assemblies
Van & Parking
Rosin Paper Roll
Irrigation 1st Zone  assembly W/Master Valve
Irrigation Additional Zones
 Irrigation Asssitant
Irrigation/Lighting Tech
Clock-Toro 4 station electronic w/ battery back up
Manifold #1Assembly

$11,000.00Estimated budget:

Lighting

Description

!"#$%"&#'())*+,&-.'/*0'!12')*+'3*)%,#.')"#$%"&#'*/'.4%.0"*0'%.00,-.'56,-.57

8,9':;<:

Lighting Allowance

$6,000.00Estimated budget:

Benches

Description

=>66)9',&?'?.)"3.0',&?'"&5%,))'@.,A'/>0&"%>0.7''B.&-$.5'"&-)>?.'CDE'"&?"3"?>,)'5%0,"#$%'F.&-$.5',&?'C:E'->03.?'F.&-$.57'C<E'

%,F).',&?'CGE'-$,"057

H>&.':;<:

(7) Teak Benches (1) table and (4) chairs
Freight
Move through building, unpack and layout

$18,500.00Estimated budget:

Railings on parparets

Description

Raise parapet heights at locations with built up beds.

December 2011

Install metal railings to extend parapets at beds

$19,200.00Estimated budget:

$213,900.00Total recommended budget:
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SECTION  02900 - PRE-CULTIVATED GREEN ROOF OVERBURDEN SYSTEM 

 

PART 1  GENERAL 

 

1.01  RELATED DOCUMENTS 

 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

 

1.02 DESCRIPTION OF WORK 

 

A. Work of this Section includes all labor, materials, equipment and services necessary to 

complete the green roof installation as specified herein.  

 

1. Drainage Mat Application over Membrane System 

 

2. Root Barrier Application 

 

3. Water Retention Fleece Application 

 

4. Pre-cultivated Vegetation Mat Application 

 

5. Overburden Installation over Green Roof Membrane 

 

1.03  RELATED SECTIONS 

 

A. Section 03300 - Concrete 

 

B. Section 07520 - Modified Bitumen Roofing 

 

C. Section 02780 - Concrete Pavers 

 

1.04  REFERENCE STANDARDS 

 

A. References in these specifications to standards, test methods and codes, are implied to mean 

the latest edition of each such standard adopted.  The following is an abbreviated list of 

associations, institutions, and societies that may be used as references throughout these 

specifications. 

 

1. ASTM American Society for Testing and Materials, Philadelphia, PA 

 

2. OSHA Occupational Safety and Health Administration, Washington, DC 

 

3. SMACNA Sheet Metal and Air Conditioning Contractors National Association, Chantilly, VA 

 

4. UL Underwriters Laboratories, Northbrook, IL 

 

1.05  SUBMITTALS 

 

A. Cross section of the green roof system detailing the components comprising the proposed pre-

cultivated green roof overburden system. 

 



 

 

 

02900 GREEN ROOF OVERBURDEN 
2 OF 5 

B. Letter from the proposed primary roofing/waterproofing manufacturer confirming that the 

bidder is an acceptable Contractor authorized to install the proposed system. 

 

C. Letter from the primary roofing/waterproofing manufacturer stating that the proposed 

application will comply with the manufacturer's requirements in order to qualify the project for the 

specified guarantee. 

 

D. Suppliers printed recommendations for proper maintenance of the specified pre-cultivated green 

roof system. 
 

 

1.06  QUALITY ASSURANCE 

 

A. Scope of Work:  The work to be performed under this specification shall include, but is not 

limited to, the following:  attend necessary job meetings and furnish competent and full time 

supervision, experienced mechanics, all materials, tools, and equipment necessary to complete, in 

an acceptable manner, the green roof overburden system in accordance with this specification.  

Comply with the latest written application instructions of the supplier of the green roof overburden 

system. 

 

B. Acceptable Products:  Primary green roof overburden products shall be supplied by a single 

supplier. 

 

C. Acceptable Contractor:  Contractor shall be trained by the supplier of the green roof overburden 

system. 

 

D. Local Regulations:  Conform to regulations of public agencies, including any specific 

requirements of the city and/or state of jurisdiction. 

 

E. Manufacturer Requirements:  The primary supplier of the green roof overburden system 

products shall provide trained company personnel to attend necessary job meetings, perform 

periodic inspections as necessary, and conduct a final inspection upon successful completion of the 

project. 

 

1.07  PRODUCT DELIVERY STORAGE AND HANDLING 

 

A. Pre-Cultivated Plants:  Deliver pre-cultivated plant material in such a manner as to preserve 

the quality of the plants protecting the vegetation mats from high/low temperature or wind 

damage.  For transport times less than one day, a closed or open trailer may be used for delivery 

from the cultivation site to job site.  For longer duration transport times, vegetation mats must be 

delivered in a climate controlled trailer.  Upon arrival, the mats must be immediately off-loaded, 

plastic wrap removed, and the mats installed within 12 hours.  If timely installation is not 

achievable, a holding area shall be reserved to unroll and store the mats until transport of the 

mats to the roof-top for immediate installation. 

 

B. Damaged Material:  Any materials that are found to be damaged or stored in any manner 

other than stated above will be rejected, removed and replaced at the Contractor's expense. 

 

1.08  PROJECT/SITE CONDITIONS 

 

A. Requirements Prior to Job Start 

 

1. Notification:  Give a minimum of 5 days notice to the Owner and manufacturer prior to 

commencing any work and notify both parties on a daily basis of any change in work schedule. 



 

 

 

02900 GREEN ROOF OVERBURDEN 
3 OF 5 

 

2. Permits:  Obtain all permits required by local agencies and pay all fees which may be 

required for the performance of the work. 

 

3. Safety:  Familiarize every member of the application crew with all fire and safety regulations 

recommended by OSHA, NRCA and other industry or local governmental groups. 

 

B. Protection Requirements 

 

1. General:  Install green roof overburden components in such a manner as to not damage or 

disturb any previously installed waterproofing membrane or roofing waterproofing membrane 

accessory components. 

 

2. Limited Access:  Prevent access by the public to materials, tools and equipment during the 

course of the project. 

 

3. Debris Removal:  Remove all debris daily from the project site and take to a legal dumping 

area authorized to receive such materials. 

 

1.09  GUARANTY 

 

A. Vegetation Guarantee Addendum:  A addendum to the guarantee specified in Specification 

Section 07520- Modified Bitumen Green Roof offering two years of coverage.  The guarantee shall 

include oversight, maintenance, supervision and supply of additional plant or substrate materials 

by the supplier of the green roof system to ensure that the green system achieves and sustains at 

least 90% vegetated coverage after the first full year. 

 

1. Two-year Siplast/Xero Flor Joint Green Roof Guarantee Addendum 

 

 

PART 2 - PRODUCTS 

 

2.01  PRE-CULTIVATED GREEN ROOF SYSTEM ASSEMBLY/PRODUCTS 

 

A. Root Barrier 

 

1. A 20 mil low-density polyethylene sheet for use over the roof membrane and below the 

water retention fleece. 

 

a.  XF112 Root Barrier by Xero Flor, Durham, NC 

 

B. Drainage Mat 

 

1. A layer of flexible, non-woven, entangled polymeric filaments with a perforated, geotextile 

filter-fabric bonded to the top side. 

 

a. XF108H Drainage Mat by Xero Flor, Durham, NC 

 

C. Water Retention Fleece 

 

1. A fabric produced from a blend of recycled, synthetic fibers with a saturated weight of not 

more than 1.5 lbs/ft2 (7.4 kg/m2).  

 

a. XF159 Water-Retention Fleece by Xero Flor, Durham, NC 
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D. Growing Medium 

 

1. A propriety mixture of lightweight, mineral based materials, including porous stone or brick 

aggregate, washed sand, and organic matter derived from composted biosolids, leaf and lawn 

litter, and/or poultry manure compost. 

 

a. Xero Terr Growing Medium by Xero Flor, Durham, NC 

 

E. Pre-cultivated Vegetation Mat 

 

1. A textile-based vegetation carrier of lightweight fleece sewn to PA/PP entanglements bonded 

to geotextile fabric, filled with a growing medium, and pre-cultivated with an even layer of low-

profile, drought-tolerant vegetation. 

 

a. XF301 Pre-cultivated Vegetation Mat by Xero Flor, Durham, NC 

 

F. Paver System:  Refer to Section 02780. 

 

G. River-Rock Ballast:  River washed rock used as ballast shall meet the ASTM D 448 #57 

requirements.  Diameter of the rock particles shall maintain a nominal 3/4 inch to a maximum 1-

1/2 inch range. 

 

 

PART 3 - EXECUTION 

 

3.01  PREPARATION 

 

A. Root Barrier:  Loose-lay over the entire area and lap sides and ends a minimum of 10 inches” 

(25 cm).  Stagger end laps a minimum of 36 inches.  

 

B. Drainage Mat:  Install the water retention fabric with the nylon entanglement facing down and 

geotextile fabric surface facing up.  Overlap the 4 inch extension of geotextile material over the 

preceding, previously applied course of drainage mat.  Stagger end laps a minimum of 36 inches. 

 

C. Water-retention Fleece:  Install the water retention fleece on top of the drainage layer.  Tightly 

abut pieces of water retention fleece against previously applied courses.  Do not overlap.  Stagger 

end joints a minimum of 36 inches.  

 

D. Xero Terr Growing Medium:  Evenly distribute 1 inch of growing medium over the water 

retention fleece layer.  Thoroughly wet the growing medium and underlying water-retention 

fleece. 

 

E. Pre-cultivated Vegetation Mat 

 

1. Immediately prior to installation of the vegetation mat layer, saturate the growing medium, 

underlying water-retention.  Failure to saturate green roof system base layers will result in severe 

stress to the root system and harm to the mat vegetation. 

 

2. Overlay the saturated growing medium with the pre-cultivated vegetation mats, exposing the 4 

inch (10 cm) strip of exposed lightweight fleece affixed to the mat underside to be overlapped by 

the adjacent vegetation mat.  Stagger each row of adjacent vegetation mats by half the length of 

an individual mat to avoid alignment of end seams across rows.  Upon complete installation of the 

mats, redistribute and/or supplement the growing medium to ensure even coverage across the 
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carrier mat.  In areas or along edges where growing medium was lost or damaged during 

transport and handling, add growing medium to support vegetative coverage. 

 

3. After installation is complete, immediately and thoroughly water the assembled vegetation mat 

system to assist with settling of individual components and to support recovery and establishment 

of the system vegetation. 

 

F. Ballast:  Distribute the river-rock ballast evenly over the drainage mat at a minimum rate of 

1000lb/sq. 

 

G. Pavers:  Install the pavers following the instructions and requirements of the paver 

manufacturer and as indicated on the perimeter details. 

 

3.02 FIELD QUALITY CONTROL AND INSPECTIONS 

 

A. Site Condition:  Leave all areas around job site free of debris, equipment, and related items 

after completion of job. 

 

B. Notification Of Completion:  Notify the manufacturer by means of manufacturer's printed 

Notification of Completion form of job completion in order to schedule a final inspection date. 

 

C. Final Inspection 

 

1. Post-Installation Meeting:  Hold a meeting at the completion of the project, attended by all 

parties that were present at the pre-job conference.  A punch list of items required for completion 

shall be compiled by the Contractor and the manufacturer's representative.  Complete, sign, and 

mail the punch list form to the manufacturer's headquarters. 

 

D. Issuance Of The Guarantee:  Complete all post installation procedures and meet the 

manufacturer's final endorsement for issuance of the specified guarantee. 

 

END OF SECTION 02900 
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Green Roof Valuation: A Probabilistic Economic 

Analysis of Environmental Benefits  

Corrie Clark, Peter Adriaens*, F. Brian Talbot 

University of Michigan  

adriaens@umich.edu 

 

Green (vegetated) roofs have gained global acceptance as a technology that has the potential to 

help mitigate the multifaceted, complex environmental problems of urban centers. While policies 

that encourage green roofs exist at the local and regional level, installation costs remain at a 

premium and deter investment in this technology. The objective of this paper is to quantitatively 

integrate the range of stormwater, energy, and air pollution benefits of green roofs into an 

economic model that captures both the building-specific and city scale implementation. 

Currently, green roofs are mainly valued based on increasing the roof longevity and their ability 

to reduce stormwater runoff, with occasional consideration of reducing building energy 

consumption. Proper valuation of these benefits can reduce the present value of a green roof if 

investors look beyond the upfront capital costs. In this paper a net present value (NPV) analysis 

comparing a conventional roof system to a green roof system demonstrates that at the end of the 
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green roof’s lifetime the NPV for the green roof is less than the NPV for the conventional roof. 

Increasing evidence suggests that green roofs may play a significant role in urban air quality 

improvement.  For example, public health benefits per metric ton of NOx reduction are estimated 

to range from $1683 to $6383. These benefits were included in this study, and results indicate 

that this translates to an annual benefit of $895 to $3392 for a 2,000 square meter vegetated roof. 

Improved air quality leads to a mean NPV for the green roof that is 25% to 29% less than the 

mean conventional roof NPV. This study also assessed large-scale roof greening within the 

Detroit and Chicago metropolitan areas. Greening ten percent of metropolitan roofs would result 

in 1.53E4 to 1.85E4 Mg of NOx reduction (from direct and indirect uptake) reducing annual 

public health costs between $25.8 million to $97.7 million in Detroit and between $31 million to 

$118 million in Chicago. Through innovative policies, the inclusion of air pollution mitigation 

and the reduction of municipal stormwater infrastructure costs in economic valuation of 

environmental benefits of green roofs can reduce the cost gap that currently hinders US 

investment in green roof technology. 

Introduction 

Continual growth and horizontal expansion of cities and surrounding areas in the United States 

of America (USA) increase stress on private and public utilities. The annual rate of urbanization 

in the USA is expected to be 1.19 percent between 2000 and 2030 exceeding the global 

urbanization rate of 1.8 percent and annual population growth estimates of 1 percent (1). Growth 

creates a demand for energy, water and sewer services, and transportation. To meet the increased 

energy demand, more than 150 new coal-fired power plants are proposed in the USA alone (2). 

Converting green space into neighborhoods, shopping malls, and other developments increases 
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stress to storm sewer systems. For example, forty-two percent of projected sewer infrastructure 

costs between 2001 and 2030 in Southeast Michigan is attributable to new sewer construction 

(3). New road infrastructure leads to increased vehicle emissions, and along with parking lots 

and rooftops, roads contribute to elevated urban surface temperatures by reducing a city’s 

albedo. Increased urban temperatures, in combination with emissions from the electric utility 

industry, impact local and regional air quality (4).  As growth is inevitable, a multi-faceted and 

scalable solution is needed to temper the environmental impacts of growing cities. Increasingly, 

developers, architects, and city planners recognize that green (vegetated) roofs may be part of the 

solution. Composed of a drainage layer, a solid matrix “soil” layer, and vegetation (5), green 

roofs increase the insular capabilities of roofs and restore the water balance between 

evapotranspiration and runoff (6).  

There are two main parameters that influence the solar radiation reaching the roof deck, leaf 

foliage and soil media. The more extensive the foliage development of a particular plant, the 

more the heat flux through the roof decreases (7, 8, 9) and the greater decrease in surface 

temperatures (10). Thick soil layers insulate during summer months while thin layers result in 

little cooling benefit (9). The observed reduction in heat flow tends to be greater in the summer 

months (70-90%) than in the winter (10-30%) (11). Secondary parameters include relative 

humidity and wind speed. A dry environment and to a lesser extent wind speed increase the rate 

of evapotranspiration aiding the absorbance of solar radiation by plants (8, 9).  

Green roofs can reduce the demand on sewer systems by retaining as much as fifty to seventy 

percent of annual rainfall precipitation depending on regional climate (12, 13). Rainfall retention 

is also affected by slope and substrate depth: in general, the flatter the roof, the greater the 
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retention and peak flow reduction (13, 14). Effects due to substrate depth are less transparent. 

While increased thickness provides increased storage capacity, moisture is also retained for a 

longer period of time limiting the effectiveness of retention for subsequent storm events.  

Stormwater modeling has shown the potential benefits for large-scale roof-greening projects. 

For Washington, DC, greening 2 million square meters of rooftops could store over 1.6 million 

cubic meters annually (1.7% of citywide runoff); the volume captured would reduce the total 

number of combined sewer overflows (CSOs) by fifteen percent (15).  

Green roofs exhibit the capacity to reduce pollution in urban environments. As elevated 

temperatures increase the production of ground level ozone (16), the reduction of the heat island 

effect through large-scale greening of roofs may indirectly reduce ozone and smog generation 

(17). The cooling of urban areas further reduces vertical thermal air movements affecting the 

movement of particulate matter (18). It was estimated that greening six percent of Toronto would 

reduce the urban heat island effect by 1 to 2 degrees Celsius preventing 0.62 MT (Mega tons) of 

greenhouse gases indirectly from urban heat island reduction (19). 

A few studies have modeled the removal of air pollutants by green roofs. For example, Peck 

(2003) estimated that current roof greening (covers over 6.5 million square meters) results in a 5-

10% reduction in NOX and SO2 concentrations in the air, and 30 tons of particulate matter (19). 

The potential benefit of green roofs to remove NO2, S02, CO, PM10, and ozone has been studied 

using the Urban Forest Effects (UFORE) computer model (15, 20). The model was developed to 

quantify the benefits provided by urban forests given local hourly pollution concentrations, 

meteorological data, and plant-specific air pollution removal rates. Assuming a 50:50 mix of 
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evergreen shrubs and grasses, the estimated annual removal of all pollutants by green roofs (per 

ha.) ranged from 71.95 kg (Toronto) to 83.27 kg (Washington, DC) (20, 15).  

Although green roofs have been shown to mitigate stormwater runoff volume and to reduce the 

heating and cooling loads of buildings, the challenge facing widespread integration of green 

roofs include the premium cost over conventional roofs, and widely diverging municipal 

management practices for stormwater and air pollution control. For example, in the USA, the 

financial burden of managing stormwater is rarely applied to property owners according to area 

and intensity of impervious area.  While some cities have succeeded in encouraging the 

technology through a command-and-control approach (e.g. Tokyo, Japan; Berlin, Germany), the 

internal rate of return on the investment (or investment recuperation timeframe) is highly 

dependent on local conditions (21). Reducing the uncertainty in the quantification of economic 

benefits of green roofs is a necessary first step to develop policies aimed at stimulating 

widespread acceptance of the technology in the United States.  

The objective of this paper is to quantitatively integrate probabilistic ranges of stormwater, 

energy, and air pollution benefits in an economic model capturing both the building-specific and 

city-wide scale.  A secondary goal is to assess the impact and opportunities of market-based air 

credit valuation as a policy tool for green roof diffusion.  

Materials and Methods 

To address the need for a cost-benefit analysis, a two-fold approach was developed. The first 

step describes a cost-benefit analysis that can be applied to a range of green roof projects through 

a probabilistic evaluation procedure. This analysis provides information relevant to building 

owners, developers, or designers regarding the costs and benefits of green roof technology.  
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Results were scaled using both environmental and health benefits for a city. This section 

summarizes the steps for the cost-benefit analysis at the building and city scale. 

Building Scale Analysis  

The environmental benefits (stormwater reduction, energy savings, and air quality) of roof 

greening were quantified to assess environmental impact at the building scale, targeting mixed-

use office buildings. Several parameters were evaluated: conventional and green roof installation 

costs, stormwater fees and fee reductions for green roofs, energy costs due to the heat flux 

through a roof and the potential savings by installing a green roof, and the additional economic 

valuation of the public health benefits due to air pollution mitigation. 

 

Installation Costs for Conventional and Green Roofs To determine how the environmental 

benefits reduce the installation cost gap between green and conventional roofs, the magnitude of 

the gap was first determined. Cost and size data were obtained for seventy-five campus roofs 

from the University of Michigan in Ann Arbor, Michigan. From the sample, the mean cost of a 

conventional flat roof was determined to be $167 per m2 (standard deviation: $28 per m2). The 

mean campus roof is 1870 m2 and the mean building floor area is 9730 m2.  

The distribution of green roof installation costs was determined from available green roof case 

data (22, 23). As the price of green roofs can vary according to design and function (e.g. 

intensive green roof can serve as a garden), the cases used in the data analysis were limited to 

extensive roofs with a depth between 5 and 15 centimeters. The collected data represented the 

additional cost of the green roof components.  The distributions of the conventional roof and 

green roof were summed to obtain the total cost of installation for a new green roof with a new 
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conventional roof. The mean difference between the cost of the green roof and the conventional 

roof is defined as the cost gap. The internal rate of return was then determined for each 

environmental benefit. 

 

Stormwater Fees and Reductions Stormwater volume reduction by green roofs benefit 

municipalities; however, not all local water authorities pass the economic savings on to the 

owner of the green roof. Traditionally, the budget for stormwater management is provided 

through property taxes or potable water use fees. In recent years, municipalities have been 

moving toward stormwater fees based upon total impervious surface on a property, creating an 

opportunity to “credit” green roofs for stormwater reduction. For this study, data were collected 

from eleven municipalities with established stormwater management fees (Table 1, SI). It was 

assumed that the reduction in stormwater fees due to a green roof is normally-distributed at fifty 

percent of the stormwater fee for the building footprint. Impacts to stormwater infrastructure are 

only assessed at scale. 

  

Energy Savings Determination and Valuation This study focuses on energy savings to mixed-

use administrative/laboratory buildings at the University of Michigan campus in Ann Arbor, 

Michigan. Total expenditures for energy (natural gas and electricity) consumption (mean 

$225,000), total energy consumption (mean 4050 MWh), and energy consumption by fuel source 

(mean 2370 MWh from electricity and 1670 MWh from natural gas) were obtained for 130 

university buildings for fiscal year 2003. National commercial building energy consumption 
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statistics provided additional data (e.g. average commercial conductance, system load factors) 

(24). To determine the roof’s contribution to the HVAC energy requirement, the heat flux 

through the roof was determined according to the following 1-dimensional heat flux equation: 

! 

Q
"

= h "A " #T      (Equation 1) 

where Q is the heat flux through the roof (W), A is the area of the roof (m2), !T is the 

temperature difference between the building interior and the ambient temperatures (K), and h is 

the heat transfer coefficient (W/m2/K).  

! 

h =
k

"x
=
1

R
      (Equation 2) 

h is a function of the thermal conductivity of a material, k, and the material thickness, !x. The 

inverse of h is the R-value, which represents a material’s resistance to heat flow. The larger the 

R, the less heat flux Q. In the construction industry, R-value (ft2*oF*h/Btu) is commonly used to 

compare the effectiveness of insulation in building materials. An average R-value of 11.34 

ft2*oF*h/Btu (conductance of 0.50 W/m2/K) was assumed for the conventional roof according to 

national commercial building data (24). 

Energy costs due to the heat flux were determined assuming natural gas for heating and 

electricity for cooling. With available energy expenditures per university building, prices were 

assumed to be $0.08/kWh for electricity and $0.02/kWh of natural gas. Energy savings through 

the use of a green roof were based on an assumption of an R-value of 1.2 ft2*oF*h/Btu 

(conductance of 4.7 W/m2/K) per centimeter depth for a 10.2-cm soil media. The total combined 

R-value for a conventional roof with a green roof is 23.4 ft2*oF*h/Btu (total conductance of 0.24 

W/m2/K).  
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The requisite energy consumption by the HVAC system to compensate for the loss through the 

roof was then determined. Annual totals for heat loss and cooling loss were multiplied by a 

system factor as suggested by Huang and Franconi (24).   

 

Air Quality Improvement and Valuation  Impact on air quality was limited to the mitigation of 

nitrogen oxide (NOx). Nitrogen oxide emission allowances are currently traded in the US aiding 

the exploration of a market-based economic valuation. To quantify nitrogen oxide uptake by 

plants (per unit area), data from Morikawa, et al. (1998) were used (25). That study evaluated the 

NOX uptake potential of 217 plant taxa under controlled conditions in a greenhouse environment. 

Although sedums, the traditional vegetated roof plants of choice, were not evaluated, the study 

included a member of the same family, Crassulaceae.  Published results were in terms of mg N 

g-1 dry weight per 8 hours of daylight exposure. The following assumptions were made to obtain 

the uptake capacity per unit area (kgNO2 m
-2 y-1): (i) Ninety percent of plant mass is water; (ii) 

Leaf thickness is 2 mm; (iii) Leaf area index (LAI) is 5 (m2 leaf area per m2 surface area); (iv) 

Average hours of daylight per day (twelve).  Calculations were performed to capture the 

potential impact of all 217-plant taxa on NOX uptake. The distribution of uptake potentials 

(Figure 1, SI) is assumed to be lognormal with a mean of 0.27 ± 0.44 kgNO2 m
-2 y-1. An implicit 

assumption was that the uptake capacity is constant on a year-to-year basis.  

 Once the annual uptake of NOX was determined, the result was translated to health 

benefits in dollars per year. These calculations were based upon two estimation methods 

developed by the US Environmental Protection Agency (EPA) as part of a regulatory impact 

analysis of NOX reductions in 1998 (26, 27). The conclusion of the analysis for the Eastern US, 
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was that fewer premature deaths and fewer cases of chronic bronchitis translated into an 

economic benefit between $1680 and $6380 per Mg adjusted to 2006 dollars (27). The two 

estimates were based upon the results of several atmospheric models that provided estimates for 

secondary ozone, nitrogen deposition, and particulate formation (27). The range of economic 

benefit accounts for uncertainty in atmospheric acid sulfate concentration, which affects 

ammonium nitrate particulate formation (27). For the purposes of this study, the estimates are 

referred to as the low estimate ($1680 per Mg) and the high estimate ($6380 per Mg).  

 

Economic Analysis and Sensitivity Analysis  Once the costs and benefits were determined on a 

per unit area basis, the results were integrated into an economic model to determine the length of 

time required for a return on investment in a 2,000 m2 green roof using a net present value (NPV) 

analysis (Table 2, SI). An interest rate of six percent and inflation rate of three percent were 

used. 

It was assumed that the conventional roof would be replaced after twenty years (28). 

Maintenance costs have not been included in this analysis. Until plants are established (1-3 

years), maintenance costs may be greater for a green roof. After establishment, expenses should 

be equal to or less than a conventional roof (18). A sensitivity analysis evaluated model 

sensitivity to economic parameters, climate factors, and variability in air pollution uptake.  

 City Scale Analysis 

To assess the scalability of benefits, a city-wide greening evaluation was conducted and 

applied to two US cities (Chicago, Illinois and Detroit, Michigan) As total roof area data are 

unavailable for most cities, values were estimated through the extrapolation of roof area 
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estimates for Sacramento, California. (29).  In that study authors used high-resolution 

orthophotos to link roof area to land use zones (residential, commercial, industrial). For the 

purpose of this study, the percentage roof area per land use zone in Sacramento was extrapolated 

to the Chicago and Detroit metropolitan areas. Chicago metropolitan land use data were 

aggregated from data sets provided by the Northeastern Illinois Planning Commission (1995) 

(30). For the Detroit metropolitan area, the individual county datasets were merged prior to 

accessing land use data for the region (31). For this analysis, areas were ignored if they fell 

outside of residential, commercial, or industrial land use zones or were primarily composed of 

undeveloped or minimally developed land (Figures 2 and 3, SI). For the Detroit metropolitan 

area,of 886,000 ha, it was estimated that roofs cover 54,200 ha. In the Chicago metropolitan 

areas (948,000 ha), 65,400 ha are estimated to be roofs. Environmental benefits for the 

metropolitan areas were then evaluated according to the procedures previously discussed.  

Results and Discussion 

The following summarizes the NPV analysis. The implications of the benefits on city 

environmental policy are also discussed. 

Stormwater Benefits 

The mean stormwater fee was found to be $0.17/m2 (standard deviation: $0.12/m2) (32-41). 

Potential fee reductions for green roofs resulted in a mean stormwater fee of $0.08/m2 (standard 

deviation: $0.06/m2).  For the 2,000 m2 roof, conventional roof fees would be $340 while the 

green roof scenario would have fees of $160 per year.  

A few municipalities offer fee reductions to green roof projects (assuming reduced impervious 

area and adequate storm capture) to pass the value of the public benefit of stormwater reduction 
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to the building owner (e.g. Minneapolis, Minnesota) (37). Additional benefits may be captured 

by evaluating retention at the city scale. Deutsch et al (2005) estimated that greening ten percent 

of green roof ready buildings in Washington, DC (approximately 70 ha) would reduce 

infrastructure costs to the city’s long-term control plan (LTCP) (estimated capital cost of 1.9 

billion dollars) by 10 million dollars assuming the roofs would retain 450,000 cubic meters of the 

97 million cubic meters of stormwater that are managed annually (15). For the Detroit 

metropolitan area, assuming a retention rate of 65% of annual precipitation (0.84m for Detroit), 

greening ten percent of rooftops (5420 ha) would retain more than 29 million cubic meters of 

water (Table 3, SI). Considering that the estimated costs of the LTCP are $3.5 billion (42), this 

translates to a reduction of $ 114 million, suggesting substantial opportunity to invest in above-

ground roof infrastructure.   

Energy Assessment 

The heat flux was based on a 2,000 m2 roof located in Ann Arbor, Michigan. The annual 

energy consumption was 129 MWh for the conventional roof (116 MWh for heating and 13 

MWh for cooling), and 62 MWh for the green roof (56 MWh for heating and 6 MWh for 

cooling). Uncertainty for this calculation is not included in the NPV analysis as the link between 

frequency of precipitation and green roof soil media conductance has not been investigated in the 

literature. Based on energy costs for 2003 and adjusted to 2006 dollars (2003 energy expenditure 

data was available from the university and energy prices for 2004 and 2005 were unusually 

high), this translates in $3,240 and $1,580 per year for the conventional and green roof, 

respectively.  
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To verify the appropriateness of the assumptions used in the analysis, calculated energy costs 

through the conventional roof were compared to actual expended total natural gas and electric 

energy costs for university buildings. Assuming that 35% of total building energy consumption is 

due to heating, ventilation, and air conditioning (HVAC) system use (43), 90% of all buildings 

(75 total) were within the expected costs attributed to HVAC use. The eight buildings with 

higher energy expenditures had roof area-to-floor-space ratios much greater than one (R/F area 

>> 1). The ratio can be explained by the inclusion of roof areas outside the interior building floor 

area (e.g. exterior walkways, loading docks), including these areas in the heat flux calculations 

would overestimate contribution to the HVAC consumption.  

Sensitivity analysis included geographical location of the building. Based on the assumptions 

for conventional and green roof conductance, the percent difference in heat flux between the 

conventional roof and the green roof remains constant. However, the geographic location of the 

roof does change the total energy loss through the roof. Similar sized theoretical roofs were 

evaluated for Atlanta, Georgia and Portland, Oregon (two cities pursuing green roofs). Although 

the total energy consumed in both of these cities was less than the total energy consumed in Ann 

Arbor, the total cost for energy loss through a roof in Atlanta was greater due to increased 

electricity consumption for cooling (total cooling energy was 34 MWh for the conventional roof 

and 16 MWh for the green roof) (44).  For Portland, a more moderate climate resulted in less 

energy use for heating and cooling, yielding lower annual energy expenditures (44). From this 

evaluation, annual energy expenditures for a 2,000 m2 conventional roof range from $2,000 to 

$4,000 while the expenditures for a green roof of the same size range from $1,000 to $2,000.  

Air Pollution Mitigation 
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The benefit assessment included both direct and indirect methods of uptake. The uptake 

capacity per area for the 217 plant taxa evaluated by Morikawa et al. (1998) had a mean of 0.27 

kgNO2/m
2/y (variance: 0.17 kg2

NO2/m
4/y2)(25).  For a building with a roof area of 2000 square 

meters, this results in an uptake of 530 MgNO2/y (variance: 700 Mg2
NO2/y

2). The public health 

benefits for greening a 2000 m2 roof were determined to be $890 (variance: 2.0E6 $2) for the low 

benefit estimate and $3390 (variance: 2.8E7 $2) for the high benefit estimate.  

The potential health benefits at the city scale from uptake of NOX were determined and 

translated into economic terms according to the two EPA estimates. Greening ten percent of 

Chicago roofs (6540 ha) would uptake 17,400 MgNO2/y resulting in city-wide benefits of $29.2 

million to $111 million annually. For Detroit, greening ten percent (5420 ha) would uptake 

14,400 MgNO2/y, resulting in benefits of $24.2 million to $91.9 million annually.  

These values were compared to two previous studies that relied on the Urban Forest Effects 

Deposition (UFORE-D) Model to evaluate air pollution mitigation scenarios in Toronto, Ontario 

and Washington, DC (20, 15). For Toronto, uptake values were found to be 0.0015 kg NO2/m
2/y 

(20), with Washington, DC similar at 0.0011 kg NO2/m
2/y (15). Using the UFORE-D model, the 

uptake is two orders of magnitude smaller than the mean uptake value (0.27 kgNO2/m
2/y) based on 

experimental plant studies (25). While the DC study did not include an economic analysis, the 

Toronto study translated the economic benefits of all pollutant reductions (model evaluated CO, 

O3, SO2, and PM10 in addition to NO2) for the City of Toronto to be $1.97 million annually 

($0.04 per square meter). The UFORE-D model assigns an economic value for NO2 mitigation of 

$6752 per metric ton removed, based on median externality values for the US and is consistent 

with the estimated benefit provided by the EPA.  
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There are several factors that could explain the difference in plant uptake rates (green house vs. 

UFORE model). The UFORE-D model limited the uptake, which was determined from 

calculations of atmospheric pollutant flux, boundary resistance, and a hybrid of big-leaf and 

multilayer canopy model (45), to a mix of two types of plants. The minimum uptake rate for this 

study is the same order of magnitude (Figure 1, SI) as the value determined by the UFORE-D 

model (0.002 kgNO2/m
2/y). The UFORE-D model is based upon hourly weather conditions and 

assumes that uptake occurs only via dry deposition of pollutants onto vegetation (45).  While this 

assumption is valid when NO2 is considered, fast reaction rates in the troposphere yield 

compounds that are more water soluble (e.g. HNO3) (46). Periods of precipitation were assumed 

to result in no pollutant uptake; the reported values of NO2 uptake using the UFORE-D model 

would be expected to be less than the values used in the current study.  

Large-scale roof greening also indirectly benefits public health by reducing energy 

consumption. Green roofs can reduce peak energy demand resulting in fewer atmospheric 

emissions from power plants that run additional generators at peak times. Based upon emissions 

data for coal-fired utilities and natural gas combustion, estimates for avoided emissions for 

greening ten percent of Chicago are 2.21 million MgNO2/y and for Detroit are 1.83 million 

MgNO2/y (Table 4, SI) (47). Combining both direct (plant uptake) and indirect (fossil fuel 

reduction) methods of emission mitigation, greening ten percent of area roofs in Detroit would 

decrease public health costs by $3.1 billion to $11.8 billion per year, and in Chicago public 

health benefits would be $3.8 billion to $14.2 billion per year.  

Net Present Value Analysis  



 

 

 

16 

The results were integrated into an economic model to determine the length of time required 

for a return on investment (ROI) in a green roof. Figure 1 shows the results of the analysis over 

the lifetime of the green roof system, and evaluates the green roof under a low air pollution 

benefit and a high air pollution benefit. The green roof is more expensive than the conventional 

roof at installation ($464,000 versus $335,000). Over the 40-year lifetime of the roof, the NPV of 

the green roof system is between 25% (low air pollution benefit estimate) and 29% (high air 

pollution benefit estimate) less than the NPV for a conventional system ($602,000).  

Under the low estimate for health benefit valuation, the greatest potential economic 

contribution is due to energy savings. Annual benefits for the green roof system in this scenario 

are $2740 (2006$) per year. Energy savings account for nearly $1670 or 61% of the benefits. In 

this scenario, benefits due to mitigation of nitrogen oxides account for 33% of the annual 

benefits. Stormwater fee savings only account for 7% of the annual benefits. 

When a high estimate for valuation of public health benefits is used, air pollution mitigation 

becomes the dominant benefit economically. With total annual benefits of $5240, 65% of the 

benefits ($3390) are attributable to air pollution mitigation. Energy savings remain the same but 

account for only 32% of the total annual benefit. The stormwater benefit is further reduced to 

only three percent of the total. While the monetary value of the health benefits is uncertain, in 

both the high and low estimates, public health benefits contribute significantly to the total annual 

benefit of green roofs.  

While currently green roof adoption is driven by stormwater benefits and energy savings (48), 

benefits due to direct air pollution uptake and energy savings control the ROI. Additional savings 

due to reduced onsite stormwater infrastructure are not included at the building scale as 
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infrastructure savings at individual building sites could only be realized for new building 

construction or significant renovation projects. Similarly, while system loads to HVAC were 

taken into account to determine the total reduction in energy, infrastructure savings (from size 

reduction) were not included. This analysis focused on the opportunity for green roofs on 

existing buildings that could support an extensive vegetated roof with minimal impact on the 

building and roof. All other parameters remaining constant, varying degree days to evaluate 

other climate regions (the southeastern states or the western states) changed the total energy 

consumed resulting in the $2000 range for both the conventional and the green roof.  

For large-scale urban greening projects, it should be noted that not all of these roofs may be 

conducive to green roof implementation due to restrictive architectural features (e.g. roof slope, 

HVAC system placement, structural limitations of building). The analysis contained here limits 

roof greening to twenty percent of existing roofs, similar to the analysis for Washington, DC by 

Deutsch et al. (15). For scaled stormwater benefits, the economic savings are over the long-term 

after greening projects began most likely occurring during normal maintenance and replacement 

of existing stormwater infrastructure.  

Policy Implications  

The mean green roof cost is 25 to 29 percent less over 40 years, with the investment breaking 

even after twenty years. Incorporation of air pollution benefits the greatest potential social cost 

factor into the economic analysis. Further work is required to incorporate HVAC size reductions, 

stormwater infrastructure size reductions, and multiple air pollutant reductions. Results from this 

analysis revealed that the benefit of improved air quality should not be ignored by policymakers 

as proper valuation of the benefit can greatly influence the NPV.  
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Proper valuation of environmental benefits requires changes to current policies that affect 

green roofs. Currently, the analysis performed here incorporated mean stormwater fees at $ 0.17 

per m2 of land, yet projected long-term control plans are at $3.36 per m2 of land. Inclusion of 

these costs will impact the benefit analysis.  Policies that make stormwater infrastructure 

expenses more transparent to the citizenry through stormwater fees or a market-based tradable 

permit scheme for contribution to impaired local waterways are two strategies that have potential 

to rectify the price discrepancy. Translating the air pollution mitigation ability of green roofs into 

an economic benefit to the technology would further reduce the NPV by 9%. This could be 

achieved through direct incentives reducing the upfront cost of a green roof or through the 

incorporation of green roofs into existing regional air pollution emission allowance markets. 

Further research into these policy alternatives will aid the design and development of strategies 

to translate the societal environmental and health benefits of green roofs to the building owners 

that ultimately construct green roofs.  

To quantify the benefit of reducing NOX emissions for building owners, green roofs could be 

integrated into the existing air emission allowance markets. If green roofs are considered an 

abatement technology, then incorporating sinks into a cap-and-trade program could allow the 

pollution taken up by a green roof to be traded on the open emissions allowance market. Such a 

program does not currently exist, in part due to the constraints placed on the demonstrations that 

a new technology fits abatement criteria.  On-going research through professional organizations 

such as Green Roofs for Healthy Cities have emphasized the need for quantitative measurements 

of the green roof benefits (stormwater, energy, air) as a priority for influencing regional and 

national policy in this realm. 



 

 

 

19 

ACKNOWLEDGMENT. The authors thank the Graham Environmental Sustainability Institute 

for support.  

SUPPORTING INFORMATION. Technical attributes for economic analysis. 
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Figure 1. Net present value (NPV) analysis of the conventional roof and the green roof under 

two public health valuation scenarios. Annual benefits for the green roof are broken into 

economic value realized from stormwater reduction, energy savings, and air pollution reduction 

under (a) the high valuation and (b) the low valuation of the contribution of NO2 reduction to 

public health. The benefits are incorporated into over the 40-year lifetime of the roof (c). At the 

end of year 20, the conventional roof is replaced; at this point the mean NPV of the green roof is 

less than the mean NPV of the conventional roof. 



 

 

 

22 

References 

(1) United Nations. Department of Economic and Social Affairs. Population Division. 2004. 

World Urbanization Prospects: The 2003 Revision. New York: United Nations. 

http://www.un.org/esa/population/publications/wup2003/WUP2003Report.pdf. Accessed 23 

June 2006.  

(2) US Department of Energy. National Energy Technology Laboratory. Tracking New Coal-

Fired Power Plants: Coal's Resurgence in Electric Power Generation. June 21, 2006. 

http://www.netl.doe.gov/coal/refshelf/ncp.pdf. Accessed June 22, 2006. 

(3) Southeast Michigan Council of Governments (SEMCOG). 2001. Investing in Southeast 

Michigan’s Quality of Life: Sewer Infrastructure Needs. 

http://www.semcog.org/products/pdfs/sewerneeds2.pdf. Accessed 26 February 2006. 

(4) Rosenfeld, Arthur H; Akbari, Hashem; Bretz, Sarah; Fishman, Beth L; Kurn, Dan M; 

Sailor, David; Taha, Haider. 1995. “Mitigation of Urban Heat Islands: Materials, Utility 

Programs, Updates,” Energy and Buildings, 22: 255-265. 

(5) Lazzarin, Renato M; Castellotti, Francesco; Busato, Filippo. 2005. “Experimental 

Measurements and Numerical Modelling of a Green Roof,” Energy and Buildings, 37: 1260-

1267. 

(6) Scholz-Barth, Katrin. January 2001. Green Roofs: “Stormwater Management From the Top 

Down,” Environmental Design & Construction, 4 (1).  



 

 

 

23 

(7) Del Barrio, Elena Palomo. 1998. “Analysis of the green roofs cooling potential in 

buildings,” Energy and Buildings, 27:179-193. 

(8) Niachou, A; Papakonstantinou, K; Santamouris, M; Tsangrassoulis, A; Mihalakakou, G. 

2001. “Analysis of the green roof thermal properties and investigation of its energy 

performance,” Energy and Buildings, 33:719-729. 

(9) Theodosiou, Theodore G. 2003. “Summer period analysis of the performance of a planted 

roof as a passive cooling technique,” Energy and Buildings, 35:909-917. 

(10) Wong, Nyuk Hien; Chen, Yu; Ong, Chui Leng; Sia, Angela. 2003. “Investigation of 

thermal benefits of rooftop garden in the tropical environment,” Building and Environment, 

38:261-270. 

(11) Liu, Karen; Minor, John D. “Performance Evaluation of an Extensive Green Roof,” 

Proceedings for 3rd Annual Greening Rooftops for Sustainable Communities. Washington, DC.  

(12) Hutchinson, D., P. Abrams, R. Retzlaff, Liptan, T. 2003. “Stormwater Monitoring Two 

Ecoroofs in Portland, Oregon, USA,” Proceedings for Greening Rooftops for Sustainable 

Communities. Chicago, Illinois. 

(13) VanWoert, Nicholaus D; Rowe, Bradley; Andresen, Jeffrey A.; Rugh, Clayton L.; 

Fernandez, R. Thomas; and Lan Xiao. 2005. “Green Roof Stormwater Retention: Effects of Roof 

Surface, Slope, and Media Depth,” Journal of Environmental Quality, 34(3): 1036-1044. 



 

 

 

24 

(14) Moran, Amy; Hunt, Bill; and Jonathan Smith. 2005. “Hydrologic and Water Quality 

Performance from Green Roofs in Goldsboro and Raleigh, North Carolina,” 3rd Annual Greening 

Rooftops for Sustainable Communities. Washington, DC.  

(15) Deutsch, B; Whitlow, H; Sullivan, M; and A Savineau. 2005. Re-Greening Washington, 

DC: A Green Roof Vision Based on Quantifying Storm Water and Air Quality Benefits. 

http://www.caseytrees.org/pdfs/Green%20Roof%20Vision%20for%20DC%20-

%20Full%20Report%20082405.pdf?id=48903. Accessed 10 April 2006. 

(16) Dousset, B; and F Gourmelon. 2003.  “Satellite multi-sensor data analysis of urban 

surface temperatures and landcover,” ISPRS Journal of Photogrammetry and Remote Sensing. 

58(1-2):43-54. 

(17) Solecki, William D; Rosenzweig, Cynthia; Cox, Jennifer; Parshall, Lily; Rosenthal, Joyce; 

and Sara Hodges. 2006. “Potential Impact of Green Roofs on the Urban Heat Island Effect,” 

Green Roofs in New York Metropolitan Region. Technical Report. 

http://ccsr.columbia.edu/cig/greenroofs/Green_Roof_UHI.pdf. Accessed 15 October 2006.  

(18) Peck, Steven and Monica Kuhn. 1999. Design Guidelines for Green Roofs. Canada 

Mortgage and Housing Corporation. http://www.cmhc-

schl.gc.ca/en/inpr/bude/himu/coedar/loader.cfm?url=/commonspot/security/getfile.cfm&PageID

=70146. Accessed 11 June 2006. 



 

 

 

25 

(19) Peck, Steven. 2003. “Towards an Integrated Green Roof Infrastructure Evaluation for 

Toronto,” The Green Roof Infrastructure Monitor, 5(1): 4-5. 

http://www.greenroofs.org/pdf/GRIM-Spring2003.pdf. Accessed 11 June 2006.  

(20) Banting, D; Doshi, H; Li, J; Missios, P; Au, A; Currie, BA; and M. Verrati. 2005. Report 

on the Environmental Benefits and Costs of Green Roof Technology for the City of Toronto. 

http://www.toronto.ca/greenroofs/pdf/fullreport103105.pdf. Accessed 2 September 2006.  

(21) Lawlor, Gail; Currie, Beth Anne; Doshi, Hitesh; and Ireen Wieditz. 2006. Green Roofs: A 

Resource Manual for Municipal Policy Makers. CD-ROM. Canada Mortgage and Housing 

Corporation.  

(22) Earth Pledge. 2005. Green Roofs: Ecological Design and Construction. Schiffer 

Publishing, Ltd.: Atglen, Pennsylvania.  

(23) GRHC. 2005. “Green Roof Awards of Excellence,” 3rd Annual Greening Rooftops for 

Sustainable Communities. Washington, DC. 

(24) Huang, Joe and Ellen Franconi. 1999. Commercial Heating and Cooling Loads 

Component Analysis. LBL 37208. Lawrence Berkeley National Laboratory: Berkeley, 

California. 

(25) Morikawa, H; Takahasi, M; and Y. Kawamura. 1998. “More than a 600-fold Variation in 

Nitrogen Dioxide Assimilation among 217 Plant Taxa,” Plant, Cell and Environment, 21: 180-

190.  



 

 

 

26 

 (26) Swift, Byron and Jan Mazurek. 2001. Getting More for Four: Principles for 

Comprehensive Emissions Trading. Progressive Policy Institute. 

http://www.ndol.org/documents/clean_energy_part2.pdf. Accessed 20 November 2006. 

(27) US EPA. Office of Air and Radiation. 1998. Regulatory Impact Analysis for the NOx SIP 

Call, FIP, and Section 126 Petitions. EPA-452/R-98-003A. 

(28) Coates, David T. Roofs and Roofing: Design and Specification Handbook. Whittles 

Publishing, Caithness, UK. 1993. 

(29) Akbari, Hashem; Rose, Shea; and Haider Taha. 2003b. “Analyzing the land cover of an 

urban environment using high-resolution orthophotos,” Landscape and Urban Planning. 63:1-

14. 

(30) Northeastern Illinois Planning Commission. 1995. Chicago Region Data and GIS 

Catalog. http://www.nipc.cog.il.us. 

(31) Southeast Michigan Council of Governments (SEMCOG). 1995. Land Use Data.  

(32) City of Ann Arbor, Michigan. Water Treatment Services. 2006. Water, Sewer, and 

Stormwater Rates. http://www.ci.ann-

arbor.mi.us/PublicServices/Water/CS/WaterSewerStormRates.pdf. Accessed 13 September 

2006.  

(33) County of Gwinnett, Georgia. 2005. A Resolution of the Gwinnett County Board of 

Commissioners to Establish a Rate Structure for a Stormwater Utility. 



 

 

 

27 

http://www.co.gwinnett.ga.us/departments/publicutilities/pdf/Stormwater%20Utility%20Rate%2

0Structure%20Resolution.pdf. Accessed 14 September 2006.  

(34) City of Bellevue, Washington. 2006 Utility Rates. 

http://www.ci.bellevue.wa.us/page.asp?view=22319. Accessed 14 September 2006. 

(35) City of Boulder, Colorado. 2006 Utility Rates. 

http://www.ci.boulder.co.us/index.php?option=com_content&task=view&id=4884&Itemid=212

8. Accessed 15 September 2006. 

(36) City of Gainesville, Florida. Public Works Stormwater Division. Stormwater Management 

Utility.  http://www.cityofgainesville.org/pubworks/stormwater/. Accessed 14 September 2006.  

(37) City of Minneapolis, Minnesota. Stormwater Rate. 

http://www.ci.minneapolis.mn.us/stormwater/what-we-do/StormwaterRate.asp#TopOfPage. 

Accessed 14 September 2006. 

(38) City of Portland, Oregon. Fiscal Year 2006/2007 Sewer Rates. 

http://www.portlandonline.com/bes/index.cfm?a=117495&c=31019. Accessed 14 September 

2006. 

(39) City of Seattle, Washington. Drainage Rates. 

http://www.seattle.gov/util/Services/Drainage_&_Sewer/Rates/DRAINAGER_20031202090054

5.asp. Accessed 2 March 2007. 

(40) City of Tacoma, Washington. Public Utilities. 2006. Rates. 

http://www.ci.tacoma.wa.us/waterservices/. Accessed 14 September 2006.  



 

 

 

28 

(41) District of Columbia. Water and Sewer Authority. Rates. 

http://www.dcwasa.com/customercare/rates.cfm#currentrates. Accessed 13 September 2006. 

(42) Camp, Dresser, & McKee (CDM). 2003. Wastewater Master Plan.  Prepared for the 

Detroit Water Sewerage Department. http://www.dwsd.org/about/wastewater.html. Accessed 7 

September 2006. 

(43) D&R International, Ltd. August 2005. 2005 Buildings Energy Data Book. Prepared for the 

Office of Planning Budget Formulation and Analysis, Energy Efficiency and Renewable Energy, 

US Department of Energy. http://buildingsdatabook.eren.doe.gov/docs/2005bedb-0805.pdf. 

Accessed 12 December 2005. 

(44) US Department of Commerce. National Oceanic and Atmospheric Administration. 

National Climatic Data Center. US Climate Normals. http://cdo.ncdc.noaa.gov/cgi-

bin/climatenormals/climatenormals.pl?directive=prod_select2&prodtype=CLIM81&subrnum=. 

Accessed 24 February 2007. 

(45) Nowak, DJ et al. UFORE Methods. Last modified April 2006. 

http://www.fs.fed.us/ne/syracuse/UFOREMethods.pdf. Accessed 12 January 2007. 

(46) Jacob, Daniel J. 1999. Introduction to Atmospheric Chemistry. Princeton University Press.  

(47) Franklin & Associates, 1992. Appendix A: Energy Requirements and Environmental 

Emissions for Fuel Consumption. Franklin Associates, Prairie Village, KS. 

(48) Lawlor, G; Currie, BA; Doshi, H; Wieditz, I. 2006. Green Roofs: A Resource Manual for 

Policy Makers. Canadian Mortgage and Housing Corporation.  


